



Complete and consistent sets of parameters are provided for the 1995 CTF configuration.
Structure) is installed between NAS and TRS.
An optics which allows to get a maximum charge in TRS when a CTS (CLIC Transfer
is to test CLIC Beam Position Monitors with small aperture (4 mm in diameter).
An optics which allows to obtain a waist in the drift space downstream NAS. The aim
structure) in order to generate the RF power at 30 GHz.
An optics which allows to obtain the maximum charge in TRS (CLIC decelerating
'I`hree optics have been studied and are presented:
(LAS).
will be installed downstream the bunch compressor instead of the LIL Accelerating Section
ofthe booster (ll MeV/c). A short accelerating section NAS (Nepal Accelerating Section)
main modifications will be implemented. A new bunch compressor will be installed at the exit
The optics for the CTF 1994 has been already reported. At the beginning of 1995, two
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lln Ref. [3], it was called SERA 2. By analogy with LAS and for simplicity, it will be called NAS OCR Output
They correspond to the three optics which are mentioned in the Introduction.
Figure 2 gives three different layouts which can be implemented between NAS and TRS.
to simulate the beam behavior in TRS.
optics study is not performed with PARMELA code downstream TRS since it is not suited
10) Downstream TRS, the optics remains the same as in 1994 However the beam
smaller pulse length to generate the 30 GHz RF power.
9) The TRS structure remains at the same place and will be used at higher charge and
together with the previous triplet allow a waist in TRS and in CTS.
8) A triplet is installed upstream of the bending magnet (for the spectrometer line) and
drift space downstream of the triplet.
T) A triplet is used when tests of BPM (or other beam instrumentation) are done in the
60 MeV.
the beam into NAS. The latter structure, 1 m long, will provide an energy gain of roughly
6) A quadruplet is implemented at the exit of the bunch compressor in order to match
With a bunch train, limitations appear at high charge
to get a compression factor varying between 2 and 5 according to the single bunch charge.
5) The bunch compressor. It is foreseen to work with a pulse length of 19 ps (FWHH) and
required for the theoretical optics.
entrance. They will allow more flexibility in the experimental measurements but are not
4) Two quadrupoles are foreseen between the booster exit and the bunch compressor
3) The booster remains the same type as in 1994.
wave guides arrangement.
179 mm. It allows the installation of the new RF gun, when ready, without changing the RF
2) The drift space between the RF gun and the booster is increased from 86 mm to
aperture and higher energy gain
1) The RF gun remains the same as in 1994 until a new one is built with larger iris
Figure 1 gives the layout of the CTF which will be used in 1995.
2 Layout
ture (¢> 12 is installed between NAS and TRS.
c) An optics which allows a maximiun charge in TRS when a CTS (CLIC Transfer Struc
sma.ll aperture (4 mm in diameter).
(Nepal Accelerating Section). The aim is to test some Beam Position Monitors (BPM) with
b) An optics which allows a waist to be obtained in the drift space downstream NAS1
structure (¢» 4
a) An optics which allows the maximum charge to be obtained in TRS (CLIC decelerating
Three optics have been studied and are presented:
the bunch compressor instead of the LH. Accelerating Section (LAS).
of the booster (11 MeV/ c). A short accelerating section [3] will be installed downstream of
modifications will be implemented. A new bunch compressor [2] will be installed at the exit
The optics for the CTF 1994 was reported in At the beginning of 1995, two main
1 Introduction
doublets of quadrupoles. Table 2 gives the theoretical magnet values for an optimised optics. OCR Output
giving the same waist. Then, the 64 MeV beam is transported up to TRS by using two
Nevertheless, the strong RF focusing handles the two different beam envelopes identically,
waist at its exit. Figures 3 (c) (d) show different beam divergence at the entrance of NAS.
of very high accelerating gradient (53 MV / m) focuses the beam in the 2 planes, creating a
in the next chapter 3.4.2. Once the round beam is at the entrance of NAS, this structure
induces an emittance blow up in the horizontal plane for higher beam charges commented
ll MeV / c and also the strong focusing effect in the vertical plane from the BC. This focusing
size of the beam in both transverse planes, taking into account the effect of the space charge at
with a round beam at the entrance of NAS. These four quadrupoles fix the divergence and the
The four quadrupoles at the exit of the Bunch Compressor (BC) provide a beam optics
due, in part, to the space charge effects.
increased with the charge to compensate the divergence of the beam at the exit of the gun
the losses of particles are mainly in TRS. The field of the solenoid SNF 350, for example, was
Each envelope was optirnised for a transmission of 100% except for 10 nC (85 %) where
considered: 0, 1, 5 and 10 nC.
for the horizontal plane and for the vertical plane respectively. Different beam charges are
Figures 3 and 4 give the beam envelopes from the RF gun until the transfer structure exit
With the above CTF settings, the following beam envelopes were obtained.
3.1 Beam envelopes
When the value does not change with the charge, it is not re-written in the table
Table 1: Element settings in the CTF line 1995.
17 I · IRF power I MW
53E NAS I MV/m
¢NA$ deg 200 I - I — INAS
deg 14.4 I 14.4 I 13.5 I 13.5Bunch compressor a
7 I - I - IRF power I MW
70 I - I — Ibooster I m
275 I 275 I 260 I 260Booster ¢b,,,,,,,, | deg
5.5RF power | MW
100Emu, I MV /m
25°degRF gun
0.2energy | mJ
spot size | mm (c)
Laser pulse length | ps | 19
name 5Il0units I 0
Q(¤C)Element
Together with Table 2, it gives a complete theoretical setting for the CTF 1995.
Table 1 gives the element settings function of the beam charge related mainly to the RF.
3 Settings for CTF 1995 with the bunch compressor on

8.6° (10 nC) while the total momentum spread increases from 5.7% (1 nC) upto 9% (10 nC). OCR Output
One can note that the total phase extension of the bunch increases from 4° (1 nC) upto
same distribution when the space charge effects are taken into account (1 nC).
lt is interesting to see the particle distribution clue to the RF effects only (0 nC) and the
the longitudinal phase space for the 4 cases (0, 1, 5, 10 nC) at TRS.
The momentum spread growth is the same as at 5 nC after compression. Figure 10 shows
BC up to the entrance of NAS is only a factor 1.3 to be compared to the factor 2.5 at 5 nC.
compensate the bunch lengthening seen at 5 nC. The bunch lengthening from the exit of the
shape has completely disappeared. An under compression (Appendix A)ewa.s done to try to
this can be compensated by shifting the bunch off the RF crest. Additionally, the curved
At 10 nC, (Fig. 8), the slope of the correlation (c) continues to decrease. Experimentally,
BC and the structure by a relativistic effect.
compression after the BC and leave the compression to be completed in the drift between the
phase space rotating anticlockwise. The bunch lengthening can be compensated by an under
by the difference in the momentum between particles by a factor 2.5 (Appendix B), the
momentum (Fig. 7 (f)). The bunch length after compression also gets larger (Appendix A)
Because of the straight ellipse no peak will appear but rather a homogeneous stretching in
is optimised (Table 5). Once the compression done, the density of particles has also increased.
The thin curved correlation becomes closer to a large upright ellipse therefore the compression
correlation clockwise (head accelerated/tail decelerated), reducing the momentum spread.
correlation as previously seen. This is mainly due to the repulsive force that will rotate the
At 5 nC, (Fig. 7), the cloud of particles at the entrance of the BC does not have a curved
3.2.2 At high charge
basically, after the acceleration in NAS.
in the longitudinal phase space, growing until the space charge force becomes negligible,
density of charge is the highest, so is the repulsive force. At this position, a peak will appear
the particular shape of the longitudinal phase space , the head particles are located where the
momentum. Both effects tend to make the momentum spread grow. Additionally, because of
Similarly, the particles from the tail are decelerated by the core particles. They are losing
graph) are accelerated due to the repulsive force from the core. Their energies are increased.
phenomenon appears in Figure 6(e): the particles from the head of the bunch (left part of the
as before is created at the exit of the BC. The density of particles increasing the following
definition of the correlation is less precise. After compression, the same half moon shape
At 1 nC (Fig. 6), some dilution in the phase space appears due to the space charge. The
TRS.
appears as expected from the theory The bunch length and shape is kept the same until
of the RF wave in the booster. After compression, a half moon shape. (in the phase space)
At 0 nC (Fig. 5) the correlation is well defined and slightly curved, reproducing the slope
3.2.1 At low charge
longitudinal phase space definition.
code for the gun and booster electric fields is used, and provides a higher precision in the
Similar studies were done in [2] but with a LAS instead of a NAS. Here the SUPERFISH
OCR Output3.2 Longitudinal phase space
or a phase advance will be introduced after the BC. Second, the simple difference of OCR Output
beams being different for various beam energies in the bunch compressor, a phase delay
better compression, lowering their average momentum. The distance traveled by the
linked processes. First, higher charged beams need higher momentum spread to get
Exit of NAS: The difference in the momentum at the exit of NAS comes from two
particles, then 6p/p is increasing less than at 5 nC where the compression is complete.
10 nC, where the compression is incomplete, p is lower, so is the repulsive force between
spread. This growth will strongly depend on the particle density, p. One can see that at
after compression, the Head-Tail repulsion at 10 MeV/c tends to enlarge the momentum
effects. Since the correlation disappeared and the repulsion between particles increased
Entrance of NAS: The momentum spread will grow because of the same space charge
charge which tends to cancel the correlation.
Exit of the BC: At high charges, the momentum spread is reduced due to the space
compared to the effects of the space charge.
close as possible. The closeness limit is reached when the energy loss becomes too large
as possible. Such as the intersecting points [2] with the x-axis of the ellipse are as
to have an ellipse containing 90 % of particles in the longitudinal phase space as thin
momentum spread is required (3.4% up to 4.7%) for the bunch compression process
Exit of the booster: The momentum is getting lower at high charges because a larger
Exit of the gun: The momentum is independent of the charges (4.4 MeV/ c).
3.4.1 Momentum and momentum dispersion
requirements are needed (TRS).
acceleration), where beam instrumentation will be implemented and where particular optics
positions in the CTF are chosen for the changes that appear in the beam (after compression or
Tables 3 - 4 - 5 — 6 show the beam characteristics at specific positions for various charges. These
3.4 Beam characteristics
explains the transmission loss.
4 mm in diameter at TRS, there remains a large divergence in the horizontal plane which
Figure 14 is the same as Figure 12 but with 10 nC. Although the beam is focused around
pears the strong vertical focusing of the BC is still visible.
Figure 13 is the same as Figure 11 but with 10 uC. Although the “butterHy" effect disap
(2 mrad).
0 nC. The beam at the TRS entrance is less than 4 mm in diameter with a small divergence
Figure 12 shows the transverse phase space hom the NAS entrance until TRS entrance for
vertical focusing of the BC is visible (f ) and increases the divergence up to 10 mrad.
0 nC. With the solenoid SNF 350, the "butterHy" effect is visible in both planes. The strong
Figure 11 shows the transverse phase space &om the booster exit until the BC exit for
therefore the beam fills the aperture whatever the charge is (0-10 nC).
Figure 10 shows that the average beam sizes at the gun exit are 15 mm in diameter and
3.3 'Transverse phase space
the cr, remains well below 1 mm requested for the CLIC power generation. OCR Output
gun and TRS. The whole compression factor is 2.5/0.55 2 4.5. At the level of charge,
• At 10 nC (Table 6), the expected bunch compression is a factor 2.8 between the RF
and TRS. The whole compression factor is 2.5/0.23 2 10.
• At 0 nC (Table 3), the expected bunch compression is a factor 5.2 between the RF gun
less sensitive to the space charge effects.
size is a,= 3 mrn. With a longer pulse length at low energy, this new configuration will be
(262 nm), with a pulse length of 20 ps It corresponds to a J, = 2.5 mm. The spot
In order to obtain more energy and more stability, the laser will work on the fourth harmonic
3.4.3 Longitudinal beam extension
TRS, the growth in ernittance can be attributed to the remaining space charge force.
continue in the drifts before acceleration in NAS in the two planes. From NAS exit until
the horizontal emittance blows up while ey is almost preserved. The emittance growth will
repulsion between particles in the vertical plane but not in the horizontal plane. Consequently,
in the y-plane instead of the x—plane. But the strong vertical focusing will compensate the
particles is higher in the vertical plane. Therefore, one can expect to get a higher emittance
dispersion is maximum, so is the horizontal dimension of the beam. Therefore, the density of
can be explained as the following: When the beam arrives in the middle of the BC, the
An asymmetry in the transverse emittance appears at the exit of the BC. The phenomenon
3.4.2 RMS normalized emittance
Figure 15 surnmarises the momentum dispersion behaviour according to the charge.
1.8 for 10 nC
1.4 for 5 nC
2 for 1 nC
still affects the beam. Then, the momentum spread increases after NAS by a factor:
• At TRS: The space charge force reduced by a factor 25 after the acceleration in NAS
different by a factor 1.5, that those found at the exit of NAS.
from the fact that at the entrance of NAS their respective momentum spread where
One has to remark that the difference of momentum spread between 5 and 10 nC comes
1.0 % at 10 nC close to the crest
1.6 % at 5 nC beam slightly on the slope
0.6 % at 1 nC beam on the crest of the accelerating wave
of the wave, also changing the momentum spread.
the beam charge is. Therefore, the beam will be on a different position from the crest
NAS will be different. One can modify it slightly to have similar energy gain whatever
energy will also increase the time of travel of the beam. Then, the accelerating phase in
Table 3: Output data for 0 nC.
0,:At the entrance of TRS: 0.23 OCR Output
0,:At the exit of the NAS: 0.23
0,: 0.23At the entrance ofthe NAS:
0,: 0.22At the exit of the bunch compressor:
0,: 1.1At the exit of the booster:
0,: 1.2At the exit of the gun:
Longitudinal beam extension 0,
e,=44, ey: 74At the entrance of TRS:
c,=42, ey: 66At the exit of the NAS:
e,=42,ey= 61At the entrance ofthe NAS:
e,=41, ey: 52At the exit ofthe bunch compressor:
e,=ey= 41.3At the exit ofthe booster:
e,=ey= 32.4At the exit of the gun:
RMS normalized beam emittances e [mm.mrad]
At the entrance of TRS: x’= 0.7 , y’= 1
At the exit ofthe NAS: x’= 0.9 , y’= 1
x’= 0.9 , y’: 1.4At the entrance of the NAS:
x’= 0.9 , y’= 4.8At the exit of the bunch compressor:
At the exit of the booster: x’=v’= 0.9
At the exit of the gun: x’=v’= 17
RMS transverse djvergences [mrad]
x= 0.5 , y= 0.5At the entrance of TRS:
x= 0.5 , y: 0.5At the exit ofthe NAS:
x= 2.3 , y= 2.3At the entrance of the NAS:
2.6 , y= 0.9At the exit of the bunch compressor:
x=y= 4At the exit of the booster:
X=y= 3At the exit ofthe gun:
RMS transverse sizes
0.53At the entrance of TRS
0.54At the exit of the NAS:
3.4At the entrance of the NAS:
3.4At the exit of the bunch compressor:
3.4At the exit of the booster:
2.5At the exit of the gun:
RMS momentum spread: 6p/ p [%]
63.4At the exit of the NAS:
10.6At the exit of the booster:
4.4At the exit of the gun:
Momentum: p [MeV/ c]
Table 4: Output data for 1 nC. OCR Output
0,= 0.21At the entrance of TRS:
0,: 0.21At the exit of the NAS:
0,: 0.21At the entrance of the NAS:
0,:0.21At the exit of the bunch compressor:
0,: 1.1At the exit of the booster:
0,: 1.25At the exit of the gun:
Longitudinal beam extension 0,
6,:39, cy: 51At the entrance of TRS:
c,:38, ey: 50At the exit ofthe NAS:
e,=37,ey: 44At the entrance ofthe NAS:
e,:29, ey: 42At the exit of the bunch compressor:
e,:ey: 39At the exit of the booster:
e,:ey= 32At the exit of the gun:
RMS normalized beam emittances e [mm.mrad]
x’: 0.6 , y’: 0.7At the entrance of TRS:
x’: 1.4 , y’: 1.2At the exit of the NAS:
x’: 0.8 , y’= 0.8At the entrance of the NAS:
x’= 0.4 , y’= 5.5At the exit of the bunch compressor:
I°=V’= 0.7At the exit of the booster:
X’=V’= 18At the exit of the g1m:
RMS transverse divergences [mrad]
0.5 , y= 0.5At the entrance of TRS:
x= 0.2 , y= 0.5At the exit of the NAS:
3.8 , y= 3.1At the entrance of the NAS:
3.3 , y= 1.2At the exit of the bunch compressor:
x=y= 4.2At the exit ofthe booster:
x=y= 3.2At the exit of the gun:
RMS transverse sizes
1.1At the entrance of TRS
0.7At the exit ofthe NAS:
3.4At the entrance of the NAS:
3.1At the exit of the bunch compressor:
3.3At the exit of the booster:
2.4At the exit of the gun:
RMS momentum spread: 6p/ p [%]
63.6At the exit of the NAS:
10.6At the exit of the booster:
4.4At the exit ¤f the gun:
Momentum: p [MeV/ c]
Table 5: Output data for 5 nC.
0,: 0.47 OCR OutputAt the entrance of TRS:
0,: 0.47At the exit of the NAS:
0,: 0.45At the entrance of the NAS:
0,: 0.18At the exit of the bunch compressor:
0,: 1.2At the exit of the booster:
0,: 1.3At the exit of the gu.n:
Longitudinal beam extension 0,
e,:179,ey: 103At the entrance of TRS:
e,=138, ey: 83At the exit ofthe NAS:
e,=120, ey: 54At the entrance of the NAS:
6,:76,ey: 40At the exit of the bunch compressor:
At the exit of the booster:
6,,:ey: 38.7At the exit of the gun:
RMS normalized beam emittances e [mm.mra.d]
x’: 2.4 , y’: 1.3At the entrance of TRS:
x’: 2.1 , y’: 1.7At the exit of the NAS:
x’: 2.4 , y’: 1.5At the entrance of the NAS:
x’: 1.5 , y’: 4.6At the exit of the bunch compressor:
x’:·.y’: 1At the exit of the booster:
x’:y’: 21.At the exit of the gun:
RMS transverse divergences [mrad]
x: 0.6 , y: 0.6At the entrance of TRS:
x: 1.3 , y: 1At the exit of the NAS:
x: 5.6 , y: 4.4At the entrance of the NAS:
x: 3.8 , y: 1.7At the exit of the bunch compressor:
x:y= 4.6At the exit of the booster:
x:y= 3.5At the exit of the gxmz
RMS transverse sizes
2.2At the entrance of TRS
1.6At the exit of the NAS:
7,1At the entrance of the NAS:
3.8At the exit of the bunch compressor:
4,7At the exit of the booster:
2,0At the exit of the gun:
RMS momentum spread: 5p/ p [%]
61,6At the exit of the NAS:
9,5At the exit of the booster:
4,4At the exit of the gun:
Momentum: p [MeV/ c]
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Table 6: Output data for 10 nC.
0,:At the entrance of TRS: 0.55 OCR Output
0,: 0.55At the exit ofthe NAS:
0,: 0.53At the entrance ofthe NAS:
0’,: 0.4At the exit of the bunch compressor:
0,: 1.4At the exit of the booster:
a,= 1.4At the exit of the gun:
Longitudinal beam extension 0,
e,=225, ey: 112At the entrance of TRS:
e,=193,ey= 88At the exit ofthe NAS:
6,:168, ey: 62At the entrance ofthe NAS:
c,=104, ey: 53At the exit ofthe bunch compressor:
e,=ey= 56At the exit ofthe booster:
e,=cy= 52At the exit ofthe gun:
RMS normalized beam emittances e [mm.mrad]
At the entrance of TRS: x’= 3 , y’== 1.2
At the exit of the NAS: x’= 2 , y’= 1.6
At the entrance of the NAS: x’= 1.8 , y’= 1.6
At the exit of the bunch compressor: x’= 2.2 , y’= 4.
At the exit of the booster: x'=v‘= 1.4
At the exit of the gun: x’=v’= 25
RMS transverse divergences [mrad]
x= 0.6 , y= 0.6At the entrance of TRS:
x= 1 , y= 1At the exit of the NAS:
x= 5 , y= 4.5At the entrance of the NAS:
x= 4 , y= 1.8At the exit of the bunch compressor:
x:y= 4.7At the exit ofthe booster:
x:y= 3.9At the exit of the gun:
RMS transverse sizes
1.8At the entrance of TRS
At the exit of the NAS:
4.8At the entrance of the NAS:
3.0At the exit of the bunch compressor:
4.7At the exit of the booster:
1.6At the exit of the gun:
RMS momentum spread: 6p/ p [%]
62.5At the exit of the NAS:
9.6At the exit of the booster:
4.4At the exit of the gun:
Momentum: p [MeV/ c]
11 OCR Output
with the condition of switching off the associated quadrupoles: QDN376, QFN377, QDN383,
Then, the element settings used with the bunch compressor on are usable when it is off,
needed.
growing and so is the divergence at the entrance of NAS. But still no focusing elements are
At 1 nC (Fig. 2l (e)—(f)), with a short laser pulse (0:3 ps), the space charge force is
NAS without focusing.
important and the beam at the exit of the booster is convergent enough to transport it up to
At l nC (Fig. 21 (c)-(d)), with a long laser pulse (0:8 ps), the space charge force is not
transport of the beam until the entrance of NAS with no focusing element.
At 0 nC (Fig. 21 (a)-(b)), the convergent beam at the exit of the booster allows the
beam.
An optics with the bunch compressor off has been studied for long laser pulses and low charged
4 Settings for CTF 1995 with the bunch compressor off
increases only by a factor 2.
charge, the horizontal emittance at TRS increases by a factor 5 while the vertical ernittance
emittance is lower than the vertical emittance but in the range of 50 mm.mrad. At high
Figure 20 shows the emittances versus the charge at TRS. At low charge, the horizontal
low charge, up to 0.55 mm for high charge.
between 0.5 % and 2.2 % for the same reason. The bunch length increases from 0.2 mm at
phase in the booster necessary to get a good bunch compression. The energy spread varies
the charge Q. The momentum varies between 63.5 MeV/c and 61.5 MeV/c according to the
Figure 19 shows the momentum, the momentum spread and the bunch length at TRS versus
3.4.5 Parameters versus Q(nC)
both referre to the 0 nC case.
the emittance, for high charge, inside NAS and downstream of it to reach a factor 2 at TRS,
is almost independent of the charge and remains around 50 mm.mrad. There is an increase of
CTF line (arbitrary unit for longitudinal axis). Until the NAS input, the vertical emittance
Figure 18 shows the variations of the vertical emittances for various beam charges along the
the ernittance increases from 50 to 180 mm.mrad.
why at 1 nC the emittance is lower than at 0 nC, particularly at the BC exit. At high charge,
At low charge, the emittances remain small and constant. It is not completely understood
the CTF line (arbitrary unit for longitudinal axis).
Figure 17 shows the variations of the horizontal emittances for various beam charges along
TRS up to 2% at high charges.
a source of particle loss. Even at 64 MeV, the momentum spread increases between NAS and
For the momentum spread, there is a peak of 7% at the entrance of NAS which could be
charges since the beam is not yet ultra-relativistic.
the bunch compressor itself. Between the BC and NAS, there is a bunch lengthening at high
For the bunch length, there is a compression in the gun and the booster completed by
charges along the CTF line (arbitrary unit for horizontal axis).
Figure 16 shows the variations of the bunch length and momentum spread for various beam
3.4.4 Parameters along CTF line
12 OCR Output
Table 8: Theoretical magnet values for the BPM region.
9.68.4 I 8.4A I 8.4
-2.4-2.1 I -2.1QDN 420 ) T/m Q -2.1
15.616 I1s.6A 114.4
3.94.0 I 8.8QFN 415 | T/m} 8.8
11.610.4 I 11.6A I 8.8
-2.9-2.6 I -2.8QDN 410 4 T/m { -2.2
101 0 55 VT
Q(¤C)
Table 8 gives the theoretical magnet values for the 3 quadrupoles upstream of the BPM.
Table 7: Bea.m characteristics at the BPM for 1 nC.
0.21Longitudinal beam extension 0*,
RMS normalized beam emittances e [mm.mrad] 6,: 35 ey: 46
a,»=ay:= 0.85RMS transverse divergences [mrad]
a,= 0.33, ay: 0.44RMS transverse sizes
0.8Momentum spread: 6p/ p [%]
63.6Momentum: p [MeV/ c]
In Table 7 are reported the beam characteristics at the BPM centre for a charge of 1 nC.
for various charges from the RF gun until the exit of the BPM’s.
optics is achieved by a triplet after NAS (Fig. 2 (b)).Figures 22 - 25 give the beam envelopes
ularly small beam sizes are required to fit the CLIC BPM’s (¢ 4 mm), over a half metre. This
A long drift after NAS will provide the opportunity to implement BPM’s testing line. Partic
5 Beam optics for instrumentation tests
the focusing at the exit of the booster.
QFN384, QFN385 and QDN386. Experimeutally, one can use the solenoid SNF350 to change
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Table 10: Beam dimensions at CTS and TRS.
mu I mm 0.5 0.4 0.6 0.6
ay [ mm 1.0 1.0 1.3 1.3
Uxr | mm 0.34 0.3 1.10.9
0, { mm 1.0 1.41.0 1.4
At TRS
a,,» 1 mm 0.5 0.4 0.7 0.7
ay [ mm 1.11.0 1.0 1.0
0,/ | ITIIII 0.3 0.2 1.2 1.6





Table 10 gives the beam dimensions at CTS and TRS for various charges after optimisation
Table 9: Theoretical magnet values for the CTS region.
4.0 5.25.2 5.6
-1.0 -1.3 -1.4-1.3QDN 427 T/m
6.4 10.47.6 10.8
1.9 1.6 2.6 2.7QFN 426 T/m
2.8 6.03.2 6.0
-1.5-0.8 -0.7 -1.5QDN 425 T/m
5.2 8.05.2 8.8
-1.3 -1.3 -2.0 -2.2QDN 420 T/m
11.6 12.4 15.6 15.2
3.1 3.92.9 3.8QFN 415 T/m
8.4 11.69.2 11.2
-2.1 -2.3 -2.9 -2.8T/mQDN 410
10
Q(¤C)
not optimised (with PARMELA) for various charges.
Table 9 gives the theoretical magnet values. This is a study with TRANSPORT code and
after CTS, cannot handle such constraints. The envelopes are shown in Figure 26.
with TRANSPORT show that the optics with 3 quadrupoles before CTS and 2 quadxupoles
The envelope should fit the CTS (¢= 12 mm) and the TRS (¢= 4 mm). Simulations done
A study with a CLIC kansfer Structure (CTS) instead of a BPM has been done (Fig. 2
6 Beam optics for CTS tests
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this report will be useful and correct enough to get a good beam quickly.
When the CTF experiments resume in April 1995, one expects that the data provided by
beam optics will be also studied later on.
design of the new RF gun (2 + 1/2 cells with an aperture of 40 mm) is not yet finalised, the
beam optics with a laser pulse of 8 ps (FWHH) will be studied in a separate note. Since the
correct delay between them or by removing the grating compressor in the laser system. The
(FWHH). This will be achieved either by using a double pulse of 8 ps (FWHH) each and a
Also the design of the 1995 CTF beam optics has been made assuming a laser pulse of 19 ps
In the report, charges above 10 nC are not investigated. It will be done in a separate note.
1995. It remains to be checked if the experimental values are close to the computed ones.
This report gives a consistent set of parameters simulated for the CTF configuration beginning
9 Conclusion
Table 11: Characteristics of the RF cavities.
R, [M0] | 1.6 | 2..7
P [Mw] | 6.5 | 7
E [MV/m] | 100 | 70
Q | 12600 | 16150
f [MHz] [ 3003 I 3006
RF gun | Booster
After adjusting the diameter of the cavity, one obtains the following characteristics:
in the RF gun modeled by SUPERFISH.
input data for SUPERFISH. Figure 29 shows the electric field seen by the reference particle
The real geometries of the RF gun and the booster are used as input. Appendix E gives the
8 Electric fields computed from SUPERFISH
file of PARMELA for zero charge. There is a good agreement of these envelopes.
The output data coming from the fitting with TRANSPORT were introduced in the input
the booster because TRANSPORT does not simulate standing wave structures.
Figures 27 and 28 give the envelopes from both codes. The line is taken from the exit of
with a thin solenoid of 0.566 T (Appendix D).
with a CELL card (Appendix C). The same focusing effect is reproduced in TRANSPORT
the element values. The electric fringe field at the entrance of NAS is simulated in PARMELA
with PARMELA. For high charges TRANSPORT is used only to give an order of magnitude of
code (0 nC). TRANSPORT allows the fitting of parameters of the optics which is not possible
The optics of the CTF was first simulated with TRANSPORT code then with PARMELA
7 TRANSPORT and PARMELA comparison
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Figure 1: Layout ofthe CTF 1995.
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Figure 9: Longitudinal phase spaces at the TRS input for various charged beams.
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Pncse (deg) Phase (deg)
-\0 -7.5 ·$ -2.5 U 2.5 5 7.5 ‘°-¤¤ -1; -> -2: ¤ 1.: : »: »¤







(a)0nC (b) 1 nC
Pncse (deg) Phase (deg)





\\OCR OutputOCR OutputOCR OutputOCR OutputOCR OutputOCR Output2 °V
25 OCR Output
Figure 10: Transverse phase spaces at the exit of the gun for 0 and 10 nC.
(c) Exit of the gun (O nC) (d) Exit of the gun (10 nC)
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(A) Exit ofthe gun (0 nC) (b) Exit of the gun (10 nC)
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until TRS.
Figure 15: Envelopes ofthe momentum dispersion for various bea.m charges from the RF gun
(c) 5 nC (d) 10 nC
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Figure 21: Envelopes for 0 and 1 nC with bunch compressor off (Various laser pulse lengths).
(c) 1 nC with short laser pulse (f) 1 nC with short laser pulse
Z (M} Z (rn)




(d) 1 nC with long laser pulse(c) 1 11C with long laser pulse
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(b) 0 nC with long laser pulse(a) 0 nC with long laser pulse
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Figure 26: Horizontal and vertical envelopes with TRANSPORT between CTS and TRS.
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Figure 28: Horizontal and vertical envelopes with PARMELA (0 nC).
(mm) 2.5






Figure 27: Horizontal and vertical envelopes with TRANSPORT.
(mm) 2.5





Figure 29: EZ field in the 1 1/2 cells ofthe RF gun and in the 4 cells of the booster.
z(cm>
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The 5 nC case is given in
This scheme is applied for a 10 nC beam.
charge force before NAS. The density of particles is small and gradually increases in the drift.
The under compression completed along the drift has the advantage of limiting the space
up to the entrance of NAS (a). Otherwise, an over compression would be produced.
This anticlockwise rotation of the phase space can be used to complete the compression
the longitudinal phase space in a drift (also in the simulations Figures 5·6·7-8- (d)(e)).
There is a long drift after the bunch compressor system. Figure below shows the evolution of
A.1 Evolution of the longitudinal phase space
A Appendix
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ening was observed with PARMELA simulations.
Finally, the expected bunch lengthening at 0 nC is dl - dO==0.113 mm. But no length
At D nC:
beam lengthening.
at 5 nC where the density of particles is higher, the growth in 6p/p is smaller, so is the
increase the momentum spread during the travel in the drift. Compared to the values
dl - dg is also the lower limit of the bunch lengthening because the space charge will
az — al: 0.14345 mm
To be compared to the output of PARMELA at this charge:
Similarly, dl — dll:0.13441 mm
At 10 nC:
expected.
the momentum spread during the travel in the drift. Therefore (az — al) > (dl ·- do) as
dl — dg is the lower limit of the bunch lengthening because the space charge will increase
The ratio gives 02/al:2.5 and the difference 02 — crl = 0.2731 mm
Entrance of NAS: @:0.4583 mm
Exit of the BC: 03:0.1852 mm
To be compared to the output of PARMELA at this charge:
dl — dg = 0.1736mm
The growth of the bunch length is:
dl = 1.58329m
dl : Bl =•= c * t : (0.99855 + 0.10955104) * c =•= 5.284710"
During the same time, the distance traveled by the particle of higher energy is:
t = distance/B ·•· c = 1.583118/0.99855 =•= c = 5.284711.5
The associated time of travel is:
The distance traveled by the reference particle is: do: 1.583118 m
B = 0.99855 zh 0.1095510"
Velocity distribution at the exit of the booster (from PARMELA):
At 5 nC:
B.1 Bunch lengthening
Appendix







